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ABSTRACT 


An investigation of various means of processing whey which 
might be applicable to small cheese factories was earried out. 

Whey cheese, which is very popular in Scandinavian countries, 
was found to be a good possibility. It is made by condensing sweet whey 
and a milk/cream mixture. 

An evaluation of the market potential for whey cheese in 
Canada was made in a consumer survey of 560 Edmonton households. 

Although the acceptability of the products was found to be 
somewhat limited, the response was sufficiently encouraging for further 
product development work to be carried out. 

A new spread product was made from cottage cheese whey, rather 
than cheddar cheese whey since this type of whey is’ more difficult to 
utilise, and is presently being disposed of in the Edmonton area. Con- 
sequently it was necessary to neutralise the whey due to the effect of 
the acid nature of the whey on flavour. 

Trials with various formulations which had a range of solids 
contents (60-70%) and fat contents (5-20%), made by further condensing 
of condensed cottage cheese whey (neutralised to pH 5.0-6.0) and butteroil, 
led to the conclusion that the best composition was 70% solids, 20% fat 
and pH 6.0. This formulation resulted in a product which usually had a 
smooth texture with no detectable lactose crystals present, a good, 
spreadable consistency, a fairly bland creamy flavour and cream colour. 

Two flavoured prototype products (i) an onion-flavoured spread 
for crackers and (ii) a sweetened maple-flavoured breakfast spread were 


found to be acceptable by a small consumer panel. 
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A product from lactose-hydrolysed whey had a soft texture and 
interesting caramel flavour and colour, but still had a problem of 
sandiness in texture. 

Some further work is still required for some aspects of the 
process e.g. to overcome the problem of sandiness in the products and 
iesealineeup the process. 

However, these products may be a promising alternative means 


of whey utilisation particularly for the smaller processor. 


ot te aang wine aes rtp rere id fd 
ine eanideiia of gril ceorali sat 


rs) 7 


etaeangy otren aber eto " - oo sages ssa 
Taznant fa rol fain oylt gk sina 94 sap sald % 


i 


at 


ACKNOWLEDGMENTS 

This study was made possible through the financial support of the 
Alberta Agricultural Research Trust. I gratefully acknowledge financial 
assistance received in the form of a Graduate Research Assistantship. The 
consumer survey work was sponsored by Alberta Agriculture. 

LT wishsto “thanky Drt GPx Sein, my supervisor, for his helpful 
suggestions during this project and in the preparation of the manuscript. 

My thanks are also due to many other people in the Food Science Depart- 
ment for their assistance in the work. 

The co-operation of local dairies ( Lucerne Dairy and N.A.D.P.) in 


providing raw materials was also very much appreciated. 


vi. 


pitt 
ATL ti far . ‘aoe en ints ” 
uigled wit tof ee ee wotol lt - | 
cision ss Ye nn aoa eit iptebap “raat ‘tele pieit ib ae a 
| rea conetat boot wee ab os ‘seiltxe eee et pull sata ov are: | 
obtain: Aye as tea aad Ba) | anew “es 

nT 5th dite yates ervonit ), enintat ony he mes ternergo03 ant - 
-bosakosrigss fou “tev ovis akw cw La wae gatbiveny 


v 


Chapter 


TABLE OF CONTENTS 


I Introduction . 


A. Problems of Whey Disposal . 
B. Whey Disposal and Utilisation . 


| 
Zs 
oN 


Situation in Canada. 
World Situation. % 
Situation AnsAlberta 


II Literature Review . 


A. Current and Potential Methods of Whey Processing . 


ONNDMNNBRWN FH 


Roller Drying and Spray Drying . 
Concentrating by Evaporation . 
Fractionation Techniques 

Lactose Production . 

Heat/Acid Precipitated Whey ey. 
Fermentation . . 
Alcoholic and Non- Rieonoia e. Reveraees . 
Whey Cheeses . 


B. Potential for Condensed Whey Cheese Production 
in Alberta . 


C. Condensed Whey Cheese . 


MmMRWN He 


General Characteristics . 

Method of Manufacture . 

Quality Gonstderations =... 
Microbiological and Keeping Quality. 
Marketing and Economic Considerations. 


PTT SerObyeCELVES, Of tue. cudy |. 


IV Consumer Survey Study . 


Ae elnCrOduGELON 


B. Method . 
1. Materials 5 ; 
2. Consumer Sample Selection ; 
3. Survey Method and Questionnaire. 
Awe Analy Sis, OL Results \. 
Cs Results’ and Discussion . 
1. Return from the Survey . ; 
2. Acceptance of Whey Cheese and enread : 
3. Factors Influencing the Acceptance of Whey 


Cheese and Spread . 


Vit. 


NOOO ONDA OA 


aie 


rr A 
"pate yeras bag griysd reRRow is * 
co ee NOR RRNOREE (E?SS it or AMEE iva 
ee wont 2 gplbeeptodest agit eroRRaee vt a 
ae ee ee ee ee net iphone"! 7 
Peus t AORN ee ph “it bik 4 
-) ae s 5 ats ine tat re 
ae ened ‘gba a-wo ian off n' 
> ie F : ase iS Vv 


ies sale 
b ¥ . « + ' * 
a . ie PY one a 


’ 
vio 


ei» el ia Oe (wien weary 


, _ aioe ie Net ts isasao®, tom # 


oe we 


pena seat) bani Lira. i» oot. (h 


iva) pide OS y ace 0 ORR Osea nn ene 
ee 12 ey pee ne te 
a» = Seg aret into ¥ 


“een ie tax dye bes 
gis stb foapad™ ook 


ee a eee | weet casik Laan he i a 
’ 


Tes es 1d 


VI 


VII 


VII 


COND MN 


Manner in Which Samples were Eaten . 
Comments from Respondents . cabas 
Effectiveness of the Questionnaire. 
Supplementary Housewife Taste Panel 
Conclusions . 


Product Development . 


Aten introducts ont 


B. Materials and Method. 


MNBWNe 


Source of Materials . 
Sample Preparation .. 
Analytical Procedures . 
Taste Panel Evaluations . 
Microscopic Observation . 


C. Results and Discussion . 


Li 
er 


an 
4. 
Ss 


Basic Spread Composition . 

Factors edie the Development ioe Sandiness 
in Spreads . : 
Acceptance Panel on ioeteered Samples. ; 
Acceptability of Flavoured Prototype Products : 
Conc] usd ons: ew ends Bad. Lweke.: i. 


Conclusions and Suggestions for Further Work. 


References. 


Appendices. 


Appendix 1 New Dairy Product Survey Form . ; 
Appendix 2 Supplementary Housewife Taste Panel Form. 
Appendix 3 Taste Panel Form Used in Graininess Study . 
Appendix 4 Taste Panel Form Used in Acceptance Panel 


on Selected Samples and Flavoured Prototype 
Products. 


Vii 


na 


a 
Pe : a o F 


° 


‘ce 


’ a snr 
| sheer Me | “* oe ae ais 
ee ie ata 


t - 7% 7 
ar | Det . ‘eae se We 


4 5 & 4 


LIST OF TABLES 


TABLE 


TO: 


re 


LZ 


skeye, 


14. 


ines 


16. 


Tei, 


Method of Disposal and Utilisation of Whey 
According to Plant Classification. 


Commercially Produced Carbonated Beverages 
from Whey 


Recent Research Toward Producing Nutritious 
Whey Beverages 


Composition of Some Norwegian Whey Cheese Products 
Composition of Russian Whey Cheese Paste 

Sales of Cheeses in Norway in 1966 

Proportions of Opinions of Whey Cheese and Spread 


Percent Opinions of Whey Cheese and Spread 
by Age-Groups 


Percent of Respondents Indicating Willingness 
to Buy Whey Cheese and Spread 


Factors Influencing the Acceptance of Whey Cheese 
and Spread 

(1) Previous Exposure to the Product 

(ii) Scandinavian Ethnic Background 


Percent of Respondents Expressing Preference 
for Whey Cheese or Spread 


Time of Day That Whey Cheese and Spread Samples 
were Eaten 


How Whey Cheese and Spread Samples were Eaten 
Selected Comments from Whey Cheese and Spread Survey 
Results of Supplementary Housewife Taste Panel 
Effect of Fat Contents on Final %TS in Spread 


Composition of Samples Used in the Investigation 
of Sandiness in Spreads 


5 BOF 


PAGE 


39 


4] 


42 


43 


44 


45 


47 


aL 


55 


ena pe et nr te 
aaa yy 3 


eT ie es ae 


- ey 
ern 


TABLE 


LS. 


Lo: 


20. 


Acceptance of Selected Spread Formulations 
Composition of Flavoured Prototype Products 


Acceptability of Flavoured Prototype Products 


; i + 7. i) y 
a , 
‘ 4 thee siya! a . 


as eos ier om 


oe ae fas: 02 ioe | am 
ma haernien a onal 
bade cm) : ie i v1 | 


ee 0 arr Ria Mal” fatten Ay os 
hse ee 


7 oi : a 7 
7 - t < | 
ee a 


= 


"1 Fae 7 me 
re ey oe 


ee ici 


ir at A 


LIST OF FIGURES 


FIGURE PAGE 
1. Production of Whey Cheese 18 
2. Consumption Per Capita of Cheese in Canada, 

1948-1973. 29 
3. Apparent Per Capita Domestic Disappearance or Production 

of some Spread Products in Canada 30 
4. Swedish Whey Cheese Used in Consumer Survey 35 


5. Results from Taste Panel Study on Lactose 
Crystallisation 56 


6. Whey Spread Sample Rated by Taste Panel as Being 
Grainy Throughout. Set 1, 65% solids, 20% fat, 
DHeOnOLwalcer, S.weeks 58 


7. Whey Spread Sample Rated by Taste Panel as Having 
OccasionalvLarge Grains 9) Setl2, 170% “Soldds }) (20% <fat, 
pH 6.0, after 2 weeks 59 


8. Whey Spread Sample Rated by Taste Panel as Having 
a Smooth Texture. Set 2, 70% solids, 20% fat, 
Dieoe0,uarter Ziweeks 59 


9. Flavoured Prototype Products and Spread from 
Lactose Hydrolysed Whey 64 


peak « 


CHAPTER 1 


INTRODUCTION 


A. Problems of Whey Disposal 


The disposal of whey in the present-day dairy industry has 
become of concern for a number of reasons. One of the major factors 
is that whey disposal causes what is considered to be a heavy load of 
pollution in these ecologically - conscious times. As well as being a 
pollution problem, whey disposal represents an- economic loss, since it 
is a potentially useful and commercially valuable source of lactose and 
protein in particular. In addition, it is also a loss of valuable 
nutrients. The main problems of profitably utilising whey are its 
bulkiness, low content of* valuable solids and high cost of transporting 
whey from cheese factories to a processing plant. 
B. Whey Disposal and Utilisation 
1. Situation in Canada 

The situation regarding the amount of whey being produced, its 
geographical location and the present means of disposal and utilisation 
in Canada was ascertained in a 1972 survey of cheese factories which is 
summarized in Table 1. Disposal consists of whey being run into the sewer 
or waste disposal system, being sprayed on fields (where it can be of 
benefit as a fertiliser if prudently applied), or disposed of into quarries, 
streams and ditches. 

The proportion disposed of into the sewer decreases with plant 
size, but however the proportion being dilsposed of into quarries, streams, 
and ditches increases. For example, plants with whey production less than 


5 million lb/year dispose of 56.7% of their whey into the sewer or waste 
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disposal system whereas the second largest plants. with between 50-100 
million 1b/year whey production dispose of only 15.8% in this manner. 
The largest size factories report that they utilised all of their whey 
i.e. there was no disposal of whey. 

Overall, it is the moderate sized plants which are disposing 
of the greatest quantities of whey. In fact, 85% of the unprocessed 
whey comes from plants with an approximate daily production of 200,000 
lb. whey or less. 

Utilisation consists of feeding to animals (usually to hogs), 
selling to a processor, drying (either roller or spray drying) or mixing 
with skim milk or feed and drying. The amount dried increases with 
increasing plant size since these have the capital and/or equipment and 
quantity of whey to justify the expenditure of drying. Note that the 
proportions fed to animals decreases markedly with increase in plant 
Size. 

The cheese producers surveyed, favoured the setting up of 
centralised processing factories, and felt that the whey should be dried 
and subsidised by the Government, or alternatively the price incorporated 
into that of cheese::and the whey powder given away. Centralised pro- 
cessing facilities may be feasible in Ontario and Quebec, but the rest 
of the cheese plants in Canada appear to be scattered in terms of a 
possible central processing plant. The cheese producers also suggested 
the establishment of co-operative hog-feeding enterprises. 

2. World Situation 

An IDF survey on whey processing, and utilisation (covering only 

some cheese-producing countries), carried out in 1972 (Emmons et al 1974), 


showed that several other countries had a similar situation to 
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Canada in that a large proportion of whey is wasted e.g. Australia 
58%, New Zealand 45%, Spain 33%, South Africa 22%, and Israel 84% 
c.f. Canada 43%. Among those European countries which process whey by 
drying, most of it is being utilised as animal feed rather. than in 
human foods. One of the conclusions from this survey was that there is 
unlimited potential for the use of whey as an animal feed in terms of 
price and feed energy. The feed energy of 1.1 billion lbs of whey is 
equivalent to only 1% of the feed energy required to market Canada's 
10 million hogs. It was felt that the same was not true for other 
markets in human food for whey such as lactose and whey powder. 

There are two factors which may improve the favourability of 
processing whey, and in particular for human food use. These are, 
(i) with legislation favouring penalties for whey disposal, relative 
costs will move in favour of utilisation, and 
(ii) with the increasing rationalisation of the dairy industry to fewer 
and larger dairy factories it is no longer economicai to ship whey back 
to the farmers for hog feeding as it is very costly to transport over the 
longer distances. 
S. “situation in Alberta 

Whey production in Alberta in 1977 was about 145,500,000 1b, 
with 112,000,000 1b coming from cheddar and variety cheese production 
and 33,500,000 1b from cottage cheese manufacture (Lowrie, 1978). 
A high proportion of the cheese whey produced in Alberta was concentrated 
in 7 plants in the Northern Alberta (Edmonton, Wetaskiwin) area, where about 
74,000,000 lbs. of cheddar and variety cheese whey and 26,000,000 1b 
of cottage cheese whey were produced. 


Some of the whey from the outlying dairy factories in Northern 
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Alberta is presently being sold to hog-producers, but little processing 
of whey is being carried out. A great deal of the whey is currently 
being wasted which is the case for the cottage cheese whey from plants 
situated in Edmonton. Individually these plants are very small and even 
were all the whey to be pooled, it may still be difficult to find 
economical means of utilisation of the whey. 

This work is concerned with whey utilisation methods which 
might be applicable to the situation in Alberta where there are many 


scattered small plants. 
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CHAPTER II 


LITERATURE REVIEW 


A. CURRENT AND POTENTIAL METHODS OF WHEY PROCESSING 

A brief review of major whey processing methods and some potential 
new processes, in relation to their suitability for small plants, follows. 
Details of patents related to whey processing are covered by Gillies (1974) 
and summarized by Oborn (1968)and others. 
1. Roller Drying and Spray Drying 

The product from roller drying of whey is a coloured, often hygro- 
scopic powder, which is usually sold to feed manufacturers for blending 
into animal or poultry feeds, but it is unacceptable for processing to human 
food. It is possible that this process could be a reasonably convenient and 
economic method of whey disposal for a smaller factory. Spray-drying pro- 
duces a lighter coloured, more soluble powder, which therefore has more 
functionality in food formulations. It has found uses in the baking in- 
dustry where it can contribute to the nutritive value, and to qualities 
of shelf-life, appearance and texture, as well as to the economics of the pro- 
cess. It is being incorporated into ice-cream (skim milk replacement), icings 
and frostings, dry mixes, battermix, processed cheese, confections, frozen 
desserts (whipping and gelforming properties) whey-soy beverages and soups. 
The minimum economic throughput is estimated to be in the region of 200,000 
lbs whey/day. Investment required for spray-drying plants is very large and 
the fixed operation costs are also high (Oborn, 1968). 
2. Concentrating by Evaporation 

Concentrated whey at 35-60% solids is used in processed cheese foods 


and sweetened condensed whey (38% whey solids and 38% sucrose) is used in 
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candy formulations and whips. The same considerations in regard to econom- 
ics of the process apply as for spray-dried whey powder as smaller factories 
would find it hard to compete without a guaranteed market and a guaranteed 
price (Oborn, 1968). 

3. Fractionation, Techniques 

Ultrafiltration and Reverse Osmosis - The process of ultrafiltration 
uses membrane filtration operating at around 50 psi to produce a protein-rich 
fraction (protein concentrate), and a fraction containing the balance of the 
whey solids - lactose, salts and acid. The former portion can be used in food 
formulations, whereas the latter fraction still represents a disposal prob- 
lem, though research on fermentation or enzymatic modification of the lactose 
in the permeate is being carried out, or else the permeate can be treated 
by reverse osmosis to produce lactose concentrate, from which lactose may be 
crystallised, and a low B.0.D. permeate (Gillies, 1974 p.41). 

Reverse osmosis is a concentration process using membranes with a 
smaller pore size and much higher pressure (> 200 psi), so that it is 
possible to concentrate whey to over 40% solids and reduce the ash and lactic 
acid to a fraction of their initial concentrations. The concentrated whey is 
either evaporated and spray-dried for use in human food as mentioned above, 
roller-dried for animal feed or it may be concentrated to 20% solids for 
transportation to a central processing plant. There is an approximately 
90% reduction in the B.O.D. The process may be suitable to smaller plants 
as it is claimed that the operating and capital costs should be low (Oborn, 1968). 

Polyphosphate Precipitation of Whey Protein - At pH 5 or lower, the 
protein molecules form a complex with the anionic hexametaphosphate and are 
removed by centrifugation. The protein enriched fraction can be dried, or 


treated for phosphate removal if a higher protein content is required, then 
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dried (Modler, 1974). Chemicals such as AlC1., FeCl. fon Ca (OH) , have 
also been used as precipitants. 

Electrodialysis - Up to 90% of the minerals can be removed from whey 
through the process of electrodialysis in which alternate layers of cationic 
and anionic membranes are permeated by the respective ions under the in- 
fluence of a small electric potential. This aids in producing a whey powder 
with a controlled mineral content for special diets, as the basis for a sub- 
stitute for human milk (for infant feeding), a whey powder of somewhat higher 
protein content, and removal of any additional minerals which may have been 
added during processing (Modler, 1974). 

Ion Exchange - This is a more efficient method of demineralization. 
A highly acidic cation exchanger followed by an alkaline resin or a combin- 
ation of the two exchangers into a mixed bed resin works effectively. How- 
ever, this process does not appear to be used in North America to any great 
extent due to technological problems and high production costs (Modler, 1974). 

Gel Filtration - Gel filtration is a means of separation based on 
molecular size. The gel or beads contain openings of such a size 
that the smaller particles (eg. lactose, salts) permeate the beads while the 
larger molecules (protein) stay in the mobile phase and are eluted first. 
This is essentially a batch process, generally treating whey which has been 
filtered, concentrated and delactosed. A high protein content powder can be 
prepared which still retains good functional properties (Oborn, 1968). 

In general all of these processes could only be considered if a 
special quality of concentrate were required for direct incorporation into 
a food product as the cost of drying is prohibitive for small plants. 

4, Lactose Production 


The technology of lactose production is well established (Webb, et al,1974) 
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but economical manufacture requires large amounts. of whey. Use of lactose 
in the food industry is rather limited - it is used largely in the pharm- 
aceutical industry. 
5. Heat/Acid Precipitated Whey Protein 

Commercial processes are used in New Zealand and elsewhere for 
heat/acid coagulation of whey protein (Oborn, 1968), by heating whey near 
boiling at pH 6.2-6.5, adjusting the pH to 4.1-4.8, holding for about 30 
minutes and then passing through a desludging centrifuge or a filter. The 
solids from this operation contain about 70% of the denatured protein and 
their recovery results in a 28% reduction of the’ 8.0.D. or the effluent. 
This process would ideally be carried out on whey prior to lactose recovery. 
It could be applicable to a smaller plant, particularly if drying did not 
need to be carried out. The whey protein finds uses in fortification of 
foods eg. pasta (Sinnamon, 1974) where its enhancement of the nutritional 
value is the important factor, or it may be used as a base for a chip dip 
(imue and Patel, 1975) or as a meatrextender (Jelen andeMciIntyre,<1977). 
6. Fermentation 

Yeast and Yeast/Whey Powders - Whey due to its high lactose content 
makes it an ideal substrate for growing yeasts (usually Saccharomyces fragilis). 
The 'Wheast' process is a batch fermentation in which the yeast is recovered 
as a high grade animal and poultry feed. The effluent stream still contains 
quantities of soluble matter. The S.A.V. process developed in France involves 
a double fermentation process followed by evaporation and spray drying. There 
is no liquid effluent for disposal. The process involves high capital cost 
and therefore would probably not be suitable for smaller plants (Oborn, 1968). 


Ethanol and Lactic Acid - Alternative processes are now available to 
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produce these products more cheaply from other sources than whey. For example, 
ethanol is now synthesised from petrochemicals and molasses is the substrate 
preferred for the production of lactic acid (Oborn, 1968). 
qi Alcoholic and Non-Alcoholic Beverages 

Various whey beverages have achieved success in Europe eg. Rivella, 
a sparkling, deproteinized herb-flavoured, fermented beverage from Switzerland, 


whey champagne and Kwas from Poland and Bodrost from the USSR (See Table 2). 


Table 2 


Commercially Produced Carbonated Beverages from Whey 


Brand ee Country of Origin Type 

Rivella TOSZ Switzerland Non-alcoholic Herbs 

Whey Champagne 1966 Poland Alcoholic Wine-like 

Whey Kwas 1966 Poland Alcoholic Kefir-like 
Bodrost 1969 Russia Alcoholic Beer-like 

Tai 1971 Brazil Non-alcoholic Citrus 


From bHolsinger. (1972)... 


Recent research efforts in North America have been directed toward 
utilizing whole whey in the form of nutritious whey beverages, both car- 


bonated and non-carbonated (See Table 3). 
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Table 3 


Recent Research Toward Producing Nutritious Whey Beverages 


Beverage Use Formulation Protein (%) 
Snack beverage Acid whey;powder Fruit juice OF 5a 0 
or or 
Fluid acid Fruit juice 
or concentrated 
Sweet whey (orange) 
Imitation milk Plurd*acid Vegetable hydro- 1.0-1.5 
or colloids 
Sweet whey 2 


Vegetable oils 


Liquid breakfast Fluid acid Soybean powder Avo aa. 2 
or + 
Sweet whey Citrus flavouring 


ETOM sero lLSInger alo iZeGloCce cit.) 
According to Holsinger (1972), the feasibility of U.S. production 
and marketing of fortified soft drinks will depend on the production of con- 
centrated undenatured proteins at a reasonable price. The production of a 
herb-flavoured carbonated beverage similar to Rivella using the permeate 
from the ultrafiltration of cottage cheese whey, is a promising possibility. 
A further recent product 'lactofruit' developed in Switzerland 
(Fresnel, 1978) is based on hydrolysed lactose syrup. This syrup can be 
used as a base for several beverage types including low calorie and highly 
nutritious drinks (by adding whey or milk proteins), either in a single 
flavor or without carbonation, or be fermented to obtain flavour, carbonation 
or low alcohol content. The 'lactofruit' itself is a non-fermented nutritious 
soft drink produced in a clear yellow-coloured liquid form flavoured with 


tropical frurt or coconut extract. 
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Production of whey wine has been investigated at Oregon State Univ- 
ersity and subsequently by Foremost Foods Co. Methods have been developed 
to process whey into (1) a lightly carbonated, flavoured alcoholic beverage 
(2) a high-protein material equivalent to current commercial products. A 
Significantly lower market price for whey wine compared to commercial 
flavoured wines is predicted (Palmer and Marquadt, 1978). 

8. Whey Cheeses 

Ricotta Cheese - This is basically a heat-coagulated whey protein, 
made from whey to which a small proportion (5-10%) of whole or skimmed milk 
is added. Ricotta cheese is popular in Italy - it is suitable for direct 
eating, the cooking of lasagna and ravioli fillings and for making cream 
whipped desserts, pancake fillings or cheesecakes. Whey is heated to 85-90 °C 
in a cheese vat by steam jacket or injection of steam. Acidification by sour 
wheysorem@lk: orelOsvsolutionstoim lactic, vaceticror: citric*acid@is carried 
out. The precipitated protein entangles with the approximately 0.25% fat 
and rises to the surface and is allowed to stand for a short time. It is 
scooped off by perforated ladles or dippers and filled into perforated molds 
and allowed to stand several hours in a chilled atmosphere. Depending on the 
type of cheese (dryness) required, the ricotta may be further pressed. 

In a_ study conducted by True and Patel (1973), ricotta cheese from 
cheddar and edam cheese whey was flavoured with e.g. blue cheese and green 
onion flavours, as a low-calorie high protein dip. They suggested it could 
compete very economically with similar products now available. 

Condensed Whey Cheese (Mysost) - Mysost is popular in Scandinavian 
countries, where it is eaten thinly sliced on bread for breakfast, or as a 


snack. It is produced by condensing whey with the possible addition of milk 
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or cream and sometimes added sugar, followed by constant stirring during 
cooling to prevent the formation of large lactose crystals. The product is 
brown or tan in colour with a smooth somewhat sticky, plastic consistency 
and sweet, slightly acid, caramel flavour (Davis, 1976). 

Mysost is not strictly a cheese, 1f cheese is considered as a product 
made from pressed curds. It does not undergo ripening and has a very good 


keeping quality on account of the low moisture content - usually 13-18%. 


B. POTENTIAL FOR CONDENSED WHEY CHEESE PRODUCTION IN ALBERTA 
Most of the processes described in the previous section, require 
the installation of specialised equipment at a cost which is often pro- 
hibitive to the small cheese producer. These processes would require that 
individual factories co-operate in some whey-pooling scheme and operate 
a central whey-processing facility. From experience of such operations in 
the U.S.A., it has been found that the maximum distance over which it pays 
to transport raw whey is 50 miles (Oborn, 1968). Concentration of the whey, 
of course, would directly improve these transport costs. 
The pooled production of cheese whey in the Edmonton area is around 
26,000,000 1b wheyfyear, and even this is too small an amount for most of 
the processes described, to be economical. Those processes which might be 
suitable for such a small-scale operation are roller-dried whey, concentration 
by evaporation, whey cheeses, reverse osmosis and possibly beverage production. 
A preliminary feasibility study of reverse osmosis and utra- 
filtration for the Edmonton area (including a 50 mile radius), (Economics 
Division, Alberta Department of Agriculture, ca. 1973), showed that at 


that time total revenue would not cover operating costs unless the prices 
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for whey powder rose to 30¢/1b for individual plants setting up units, 
and 15¢/1b for establishing a central plant, compared to 11-15¢/1lb for 
food-grade whey powder in Ontario at the time. 

A feasibility evaluation (Jelen and LeMaguer, 1976) of roller- 
drying, evaporation and mysost manufacture for small cheese plants with 
6,000-50,000 1b whey/day concluded that whey cheese manufacture is the 
best economic alternative, especially for plants of small size. In the case 
of this high-cost food product, where the ingredient cost largely out-weighs 
the operating cost, the economy of scale is not crucial and even the smallest 
plant may find this product profitable. 

The mysost process utilizes the whole of the whey, substantially re- 
ducing the pollution load compared to some of the processes e.g. ricotta 
cheese manufacture. 

Considering the favourable economics of the process, and the 
reduction in pollution achieved, it was considered that an investigation 
into the manufacture and market potential of the whey cheese, mysost, 


was warranted. 
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C. CONDENSED WHEY CHEESE 
1. General Characteristics 

Condensed whey cheese (also known as brown cheese or mysost) pro- 
duced by condensing a mixture of whey and cream or milk, is brown in colour 
with a smooth creamy but firm consistency and it has the flavour of slightly 
Sweetened cream caramel (Kosikowski,1970). 

There are four Major types of the traditional hard product sold in 
Norway, along with some more recently developed spreads. The traditional 
products differ in the fat content (28-30% in the full-fat products and 
about 20% or less in the low-fat products), and in the proportion of goat's 
milk used in the raw material (Table 4). The spreads are of lower solids 
content, and may have added sugar. Some products are also made in Sweden 
and Iceland. 

The cheese is generally eaten very thinly sliced on crispbreads, 
crackers or ryebread, either for breakfast or a snack, and is taken on hikes 
since it is a good source of quick energy due to its high carbohydrate 
content (Kosikowski, 1970). It is described in the Better Homes and Gardens 
publication "Cooking with Cheese" (1966), as being an appetiser or dessert 
cheese. 

Since whey cheese contains virtually no casein and retains most of 
the lactose present in milk, it is quite different in nature than cheddar- 
type cheese. The texture of whey cheese is smooth and pliable rather than 
waxy, it has a tan colour rather than yellow or gold, the flavour is caramel- 
like and quite sweet (as a result of the high lactose content), compared to 
the acidity and volatile flavourings from microbial action in fermented 
cheddar cheese. Also, the whey cheese does not have as high a nutritional 
value as cheddar cheese in regard to protein content (it has approximately 


10% protein (Table 4) compared to the 25% protein in cheddar cheese). 
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However, it is similar in the sense of being ready-to-eat, requires 
refrigeration and is of dairy origin. 
2. Method of Manufacture 

The manufacture of whey cheese consists of concentrating sweet 
whey (from rennet casein,cheddar, swiss or mozzarella production), in com- 
bination with the desired amounts of cream and cow's or goat's milk, to 
80-84% solids, with the development of a plastic consistency and desired 
brown colour, followed by agitation on cooling to prevent the development 
of sandiness (See Fig. 1), 

The original process (Frennborn, 1959) consisted of straining 
sweet whey into an open kettle, constantly stirring over direct heat until 
the mass had the correct consistency, during which time the brown colour 
developed, then pouring it into wooden troughs and stirring until cool, 
to prevent the formation of large lactose crystals. 

However, in modern technology (Solberg, 1953), the concentration 
step usually consists of either: (1) whey beingcontinuously evaporated in 
a partial vacuum (about 60°C) to 50-60% solids and milk and cream added to 
the concentrate for the final evaporation in a special kettle (Gryta Kettle- 
a cone-shaped vessel with a scraped surface agitator, and which can be used 
either under vacuum or pressure). This is carried out under vacuum, with 
agitation, to 80-84% solids, and then under pressure till the brown colour 
is formed at 95 ‘C, or (2) the mixture of whey, milk and cream is evaporated 
batchwise in partial vacuum, after a preliminary heating of the milk and 
cream to 92-95 C, with a final evaporation in the Gryta kettle as for (1). 

Apparently both continuous and batch methods can be used sucessfully 
(Bergum and Nilsen, 1950). The former requires: separate storage and mea- 


suring tanks for the concentrate and analysis of specific gravity and dry 
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Fig. 1 


Production of Whey Cheese 
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matter content of the concentrate have to be carried out, though this gives 
better results with regard to plant utilization. No special equipment or 
analyses are required for the batch method, and it is easier to obtain the 
correct fat content in dry matter with this method. 

A further development (Hansen, 1959) has been the continuous 
evaporation of the whey/cream mixture, previously preconcentrated to 45% 
solids, to 80% solids at a temperature of 55-63°C, followed by exposure to 
steam at 135°C for the desired brown colour to develop. 

After concentration, the cheese is then worked or kneaded until 
cooled to 20-25°C, to prevent the formation of large lactose crystals and 
therefore sandiness in texture. It is then extruded into foil-lined molds 
and allowed to set overnight. These two steps are now generally accomplished 
by a votator-type scraped surface heat exchanger (or OBM cheese-stirring 
machine) , in which the cheese is both cooled with agitation and extruded into 
the molds thus replacing the batch agitators and mechanical molding equip- 
ment which had been developed over the years. 

With the use of the Gryta kettle to carry out the final concentration 
of whey previously evaporated to 65% solids under vacuum, the total cooking 
time is approximately 106 minutes c.f. 140 minutes when whey is preconcentrated 
to 40% solids under vacuum and finally concentrated in an open pan, and 150 
minutes when the whole of the evaporation is carried out in open pans. Power 
costs were correspondingly lower, with decreased cooking time (Signerne, 
1954) 

Further experiments on the equipment oetace evaporator and boiling 
pans) showed an evaporation capacity of 4,120 kg water evaporated per hour and 


a steam consumption of 0.48 kg per kg water evaporated. The yield of cheese 
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was 12.1 kg from 100. kg of whey mixture, with consumption of 5.7 kg 
steam (640. kcal/g), 0.05. Kwh and 0,13 cum water (Sauge, 1960) , 

Other studies of the technical and economic aspects of the process 
including yield and labour requirement haye heen carried out by Byre and 
Staxrud (1967) > Mork et al (1948), Sauge (1961) and Skaltveit and Sorbo (1956). 

It has also been found that neutralisation of sour whey with NaOH, 
improves the texture and flavour of the sesmikehing Meese. providing it is 
carried out after a preliminary boiling of the whey for 1-1% hours and after 
admixture of the milk. Neutralisation to pH 6.8 results in a cheese of pH 
5.2-5.4 (Vik and Hedland,01956). 

There does not appear to be much information pertaining to spreads. 
Presumably the technology is the SA, differing only in the ingredients and 
degree of concentration. However, one product is decribed in Russian 
literature (Lebedeva and Mivonoy. 1961) called whey cheese paste, which appears 
to be similar to whey spreads (Table sh. A mixture of 10 parts of fresh whey 
acidity <18°T) and 3 parts of skim milk are pasteurised, then with the 
addition of sugar syrup, pasteurised cream or melted sweetcream unsalted 
butter, is concentrated under vacuum ( 60°C) to 65% solids. It is homogenised 
at 65-70°C at 100 atm, then cooled to 15-20°C and packed in 150 g waxed 
cartons. The resultant product has a keeping quality of 20 days at a 
Eemperautne of <7 1G. 

Js Quality Considerations 

The major quality characteristics of whey: cheese are the tan colour, 
caramel flayour and smooth, firm ues. Tie setrecuiof various factors. such 
as type of whey, pH of whey and % cream/milk mixture used in manufacture, 
on the chemical and organoleptic quality of whey cheese was examined by 


Steinsholt et al (1965, 1966), and Steinsholt (1972). 
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Fat in dry 
Lactose 
Protein 
Moisture 
Sugar 


Other 


Table 5 


Composition of Russian Whey Cheese Paste 
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Colour - In the traditional whey cheese, the characteristic 
brown colour is considered desirable. It obviously results from a Maillard 
browning reaction between lactose and the whey proteins and usually occurs 
to the greatest extent at temperatures greater than 95°C. 

In an investigation of the effect of pH value of the whey and 
‘cream/milk mixture added to the whey, on the chemical and organoleptic 
quality of cream mysost F33, it was found that the quality score for colour 
was dependent both on the percentage of nitrogen and % TS in the cheese 
(Steinsholt et al, 1965). The effect of the nitrogen may be explained by 
the Maillard theory of browning that proteins or other nitrogen-containing 
substances are major factors in the development of brown colour in the product. 
Other components (e.g. lactose) which are part of the total solids may also 
be important. Maillardbrowning generally increases with increasing pH in the 
range of pH 5.0-6.0. 

However, apparently those products which do not contain cream are a 
darker brown colour (Kosikowski, 1970). 

Flavour - One of the major factors affecting flavour in whey cheese 
is acidity. Steinsholt et al (1965) concluded that the acid taste of mysost 
(which was shown to be highly inversely correlated to the percentage of the 
cream/milk mixture), is reduced by an increasing percentage of nitrogen. It 
was also related to the pH value of the whey cheese which is dependent on the 


pH value of the whey, ash content (which may be related to increasing the 


amount of precipitated Ca,(P0,), in the cheese, causing a higher concentration 
of hydrogen ions), and also on the content of total solids as the content of 
hydrogen ions in the water phase increases when the water content is decreased. 


A further study by Steinsholt (1972), on the effect of various factors on the 
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quality of the G35 type product, concluded that increasing the amount 
of protein and fat showed a favourable influence upon the flavour of 
the cheese (confirming the results of the first study with cream mysost 
F335). 

Texture - The major components of texture are firmness and smooth- 
Ness im texture, with nogdetectable lactose crystals present. 

injthe study by steinsliolt et al (1965, 1966), firmness as measured 


{9} 


by resistance against pressure at 6°C was found to be dependent on % nitrogen, 
colour (both these as a result of higher water binding capacity) and % 
total solids (lower water content means a harder cheese). 

On cooling of whey cheese below 93.5°C, the lactose crystallises 
into the a-hydrate form with tomahawk, and sometimes columnar-shaped crystals. 
If these are too large, the texture is grainy or sandy. There was a Signi- 
ficant correlation between sandiness determined by a scoring panel and the 
avendgeysize Of the longest Sidevot the lactose crystals (Steinsholt et al, 
1965). 

In the hard cheeses, Bergum (1950) considered that if the maximum 
crystal size was greater than 100u, sandiness could be detected. In his 
investigation on the crystallization of lactose in whey cheese, he found 
that the mean crystal size (size of the lengest crystal edge) was between 
20-40u for most of the different kinds of cheese, whereas the maximum crystal 
Size varied from 90 up to 2501. 

Studies have shown that generally slow cooling and vigo¥Yrous 
produced a good product (Frennborn, 1959). In experiments with thorough 


agitation of the cheese at different temperatures, the mode of cooling 
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was of less significance in a quickly agitated cheese. The rapid agitation 
produced a finer and better consistency and sweeter taste than in the 
control cheese. 

Sandiness in whey cheese has been ascribed to either extraordinarily 
large lactose crystals as previously mentioned or to the agglomeration of 
lactose crystals (Solberg, 1953). For cheeses with fat contents in dry matter 
greater than 20%, it was proposed that during evaporation, the lactose 
solution is the continuous phase wherein the fat and coagulated and un- 
coagulated proteins are dispersed, but when the whey mixture is adequately 
concentrated, a reversal of phases is brought about by agitation. The 
lactose solution is dispersed as larger and smaller drops separated by fat 
and proteins. One or more lactose crystals may originate in these drops. 
The more intensified the agitation, the smaller the drops and consequently 
the smaller the crystals (Solberg, 1953). However, Bergum (1950) found 
that the mean crystal size in the cheese was the same whether it had been 
stirred for one or several minutes, and since it was known from experience 
that unstirred whey cheese paste will be sandy, he concluded that sandiness 
need not be due to the fact that it contains large crystals but may be due 
to the agglomeration of the lactose crystals (which a long stirring time 
seems to prevent). 

With the moisture contents in cheese of more than 20-22%, the cheese 
has to be cooled in a special way or else these smaller drops are apt to 
run together into larger units. It was these considerations which led to 
the development of the continuously working agitator for cooling the whey 
cheeses prior to molding and packing. 

In examining Swedish cream whey cheese (10% fat, 33% moisture, 


42% lactose), Frennbarn (1959) considered that the average crystal size 
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should be less than 10.» and that the product had a mealy consistency when 
the mean crystal size was greater than 30» , as is the case in sweetened 
condensed milk. The average crystal size apparently has to be much smaller 
in the softer spread products than in the hard cheeses where the limit of 
detection for sandinessis 100p compared to 30, in the spread products. 

For this product, where the lactose-in-water content is 56%, the 
temperature 65°C is in the metastable area between final and supersolubility 
of lactose (which according to the forced crystallisation curve of Hunziker 
(1949) is the optimum temperature for maximum velocity of lactose crystal- 
lisation), and seeding with small lactose crystals at this temperature will 
give rapid crystallisation, small crystals and a good consistency. This 
method , originally developed for the manufacture of sweetened condensed 
milk was applied to dairies where sandiness in whey cheese had been a 
problem. The condensed whey solids were cooled to 65-70 °C in wooden troughs 
and seeded with small lactose crystals in the form of anestene condensed 
milk (one 14 oz. tin/50 kg batch). Thetemperature was held at 65-70°C 
for about 30 minutes, and the mass stirred continuously. The temperature 
was then decreased to room temperture and the product packed. This was 
found to improve the quality substantially - the products had a much smoother 
texture. (Note that this product was manufactured before the development 
of the continuous agitator in which case the seeding with lactose crystals 
does not seem to be neccessary). 

The theory of formation of a water-in-oil emulsion, for the hard 
cheese, as proposed by Bergum (reported by Solberg, 1953), does not seem to 
be borne out by the structure observed by Jelen andBuchheim (1976), which 


was not in the form of either a water-in-oil or oil-in-water emulsion, but 
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was rather a 3-phase system of lactose crystals embedded in free fat, 

mixed with dispersed areas of aqueous phase containing protein, fat globules, 
dissolved lactose and minerals. In the spreads there appears to be a con- 
tinuous aqueous phase containing lactose crystals and small fat globules. 

Whatever the mechanism, it is very well established that continuous 
agitation during cooling results in products with an acceptably smooth 
texture, and this is an integral part of modern technology. 

4. Microbiological and Keeping Quality 

At the end of boiling the product is almost sterile, but there is 
the possibility of recontamination on subsequent handling. The keeping 
quality of samples of whey cheese held at 17 °C and examined after 14 days, 
was related to bacteriological content (Oterholm and Sodal, 1959). 

On examination of 152 samples of whey spread and cheese with pH 
5.4-5.9, Kjell (1955) found that 72% of the samples had less than 100,000 
organisms per gram, the yeast count was less than 1000 per gram in 68% of 
the samples and molds were found in only 6 samples of whey spread. 

The a of the whey cheeses and spreads ranges from 0.75 to 0.89 
(Jelen and Buchheim, 1976), which is inhibitory to the growth of most bacteria, 
but will allow the growth of molds. 

No data on the shelf-life of these products was found in literature, 
but it is assumed that the shelf-life is a long period of time, especially 
for the hard cheese. Samples of the cheese used in this study kept for one 
year quite satisfactorily except for contamination by molds after the opening 


of the packages. 
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5. Marketing and Economic Considerations 
Sales of Whey Cheeses in Norway 


Whey cheeses and spreads currently account for about 34% of the con- 
sumption of cheese in Norway (See Table 6). This is somewhat lower than the 


50% stated by Kosikowski (1970). 


Table 6 


Sales of Cheeses in Norway in 1976 


Tonne % of sales 
White cheeses 23,662 57 24 
Brown (whey) 
cheesessandaspreads, 15,998 ono 
Processed cheese 
and imported cheese Se SAe oa 


Statistics from Norwegian Dairies Sales Association- Sundt, 1976 


The sales of whey products in Norway indicate that the customers 
tend to prefer the higher quality (in terms of fat and goat's milk content),. 
and therefore the more expensive types of whey cheese (Solberg, 1953). The 
variety Gudbrandalsost (G-35), which must contain a fat content of at least 
35%,0f the, total solids andjat least..1. liter, of goat's milk per kg sof, cheese, 
is the most popular variety. 

Potential for Marketing Whey Cheese in Canada 
Solberg (1953) expressed the opinion that the possibilities of 


introducing the best types of Scandanavian cheeses and spreads onthe inter- 
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national market seemed rather limited, although it was possible that they 
could be manufactured in more countries and were fairly easily transportable. 
He suggested that with the addition of various substances, the concentrates 
might be more suited to different tastes and habits. 

In fact, at the present time some whey cheeses and spreads are 
being exported to other countries e.g. in 1976, 1,161 tonne of cheese and 
spread were exported to European countries, the U.S.A and Canada - about 
1/20 of Norway's total cheese exports. Presumably this is being consumed 
mainly by expatriate Norwegians. 

Trends in Consumption of Cheese and Spread Products in Canada 

Figures for the consumption of cheeses and spread products (peanut 
butter, sandwich spreads, jams, jellies and marmalade, and honey) were 
obtained from Government statistics. 

Consumption of cheese in Canada is increasing (See Fig. 2), parti- 
cularly for varieties other than cheddar. 

For spreads however (See Fig. 3), consumption is increasing rapidly 
only for peanut butter, whilst the trend for sandwich spread is of slightly 
increasing consumption and for the jams, jellies, marmalade group and honey 
it is decreasing slightly. 

As previously discussed whey cheeses*are not at allilike cheddar 
cheese but can be conSidered a dessert cheese, and might have greater potential 
sales through marketing efforts at increasing consumer awareness of the product. 

The spread is somewhat similar to peanut butter in appearance, but 
is lower in protein content (10% and 27% respectively), fat content (10% and 
50% respectively) and caloric content (290 compared to 580 calories). On 
the other hand, the product is not as sweet as jams, jellies, marmalade or 
honey, but does have a higher nutritional value by virtue of its protein 


content. 
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Since whey cheese is dissimilar to these more familiar products 
it is hard to judge the potential for this product unless further information 


is obtained through various consumer surveys. 


CHAPTER III 


OBJECTIVE OF THE STUDY 


It was decided to investigate the market potential of whey cheese 
in Canada, because of the advantages of the whey cheese . process in terms 
Of iets: 

a) complete utilization of the whole of the whey 

b) relatively simple processing method 

c) suitability for a smaller manufacturer. 
The objectives were two-fold -- firstly, to carry out a consumer survey, and this 
secondly to be followed by further product development work if necessary. 
A. Consumer Survey 

The nature of whey cheese is very different from that of cheddar 
cheese, and different from any other products presently on the market. Con- 
sequently, a vigorous marketing effort would be needed ta promote the pro- 
duct in its present form. It was hoped that the survey would give an indi- 
cation of the acceptability of whey cheese in the solid and spreadable form. 
Further it was hoped that from the comments by respondents it would be pos- 
sible to gain some ideas of any modifications which would be needed to improve 
the acceptability of the products. 
B. Product Development 

Following the survey it was decided that a spread should be developed, 
since this was more favourably accepted than the solid. The spread was to 
be as bland in flavour as possible, so that it could later be flavoured 
acceptably. 

The raw material to be used was cottage cheese or acid whey since 


this is the type available in the Edmonton area, and is presently being 
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disposed of into the sewer. Since cottage cheese whey has a higher acidity 
than cheddar cheese whey this could have an adverse effect on flavour, so 
neutralization of the whey to reduce the sourness of flavour would be 
investigated. 

The main objective in the development of the spread was to examine 
a range of total solids contents, fat contents and pH to give a prototype 
product with a smooth spreadable texture and a bland flavour. 

This included the effect of these components on the development 
of sandiness in the product, becaase a smooth texture is one of the most 
important quality, tactors in, a spread. In addition, the use of lactose 
hydrolysis of the whey in preventing any possible problems with sandiness, 
as well as a means of sweetening the product, would be examined. 

Finally, the prototype product was to be flavoured and subjected to some 


consumer testing to gauge its overall acceptability. 
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CHAPTER IV 


CONSUMER SURVEY STUDY 


A. INTRODUCTION 

An initial survey (Jelen and Buchheim, 1976) carried out with 108 
students in an introductory Food Science class, gave encouraging results 
for the acceptability of whey cheese products - over 50% of the students 
rated a commercially produced Swedish whey cheese and a spread prepared from 
it in the three "like" categories of a 6-point hedonic rating scale. Con- 
sequently it was decided to carry out a larger consumer study with the same 
variety of whey cheese and spread in the city of Edmonton on a randomly 
selected sample, to check the results on a more representative section of 


the population. 


B. METHOD 

ARC Materials - The whey cheese used in the consumer survey was a com- 
mercial Swedish variety made from cow's milk whey and cream, with added 

sugar (See Fig. 4). From analysis, it was found to have the following proximate 
composition-25% moisture, 10% fat, 10% protein, 50% carbohydrate and 5% ash. 
The whey cheese was bought at Woodwards Ltd., Edmonton where the product 

is occasionally available in the cheese section. The spread was prepared 

by grinding the solid cheese in a meat grinder, and mixing this with the 
appropriate amount of water in a Hobart mixer to obtain a paste with a smooth, 
spreadable consistency, and a moisture content of 35%. The solid sample 
(approximately 2 oz.) was wrapped in aluminium foil and the spread samples 
were packed in plastic tubs, both appropriately labelled and with instructions 


to keep the products refrigerated. 
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Fig. 4 


Swedish Whey Cheese Used in Consumer Survey. 
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2. Consumer Sample Selection 


The cluster method of sampling was chosen as being most economical 
and logistically feasible. A sample size of 600 was arbitrarily selected 
with allowance for non-response, so that the actual sample would be at least 
ever=200"in Sizer 

The sample of consumers was selected using the Henderson's directory 
of households for Edmonton - 60 numbers were taken from a random number 
table, and the addresses corresponding to those particular numbered locations 
on the same numbered page, were used as starting points for clusters of 10 
alternative households. 

3. Survey Method and Questionnaire 

Samples of both the whey cheese and spread were distributed in person, 
to the randomly selected households in the city, along with a questionnaire 
which was to be completed and mailed back in the stamped addressed envelope 
provided. The questionnaire is attached in Appendix 1. The householders 
were advised to eat the products thinly sliced or spread on bread, toast or 
crackers, but they were free to use the samples as they wished. 

Householders were asked to report when and how they had tried the 
products, whether they “had *tried*simi lar products before, and if they were 
of Scandinavian ethnic background. They were also asked whether they would 
buy the products if they were available at a reasonable price. Each indivi- 
dual member of the household was asked to express his or her liking for the 
product on a 6-point hedonic scale. The products were presented as a new 
dairy product and spread rather than cheese products, to avoid comparison 
with other cheeses because of the difference in nature between them as pre- 


viously described. 
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4. Analysis of Results 


The results from the survey were analysed at the Computing Services 
Department at the University of Alberta, using the Statistical Package for 
the Social Sciences 2nd Edn (1975) for cross-tabulation of results and 
testing for significance by the chi-square test. 

Information obtained in questions asked per household was taken as pertaining 


to each individual in the household. 


C. RESULTS AND DISCUSSION 
1. Return from the Survey 
Questionnaire forms were received from 186 households, consisting 
of 1 to 10 individuals, of the 560 households to which samples were finally 
distributed. This constitutes a 30% return, which although low, is considered 


satisfactory in most mail-in surveys (Emory, 1976). 


2. Acceptance of Whey Cheese and Spread 
Opinions of whey cheese and spread (Question 4 - see Appendix 1) 


The percentage of respondents (individual members of the household) who 
found the samples acceptable in varying degrees (i.e. who rated them either 
"like very much", "like moderately" or "like slightly'"),was 35.7% for the 
cheese and 40.3% for the spread. (See Table 7). Distribution of opinions 
was bi-modal, with a peak at "like slightly" and a second, larger peak at 
"dislike very much''. The proportions of opinions for the various age-groups 
also followed this pattern (see Table 8), with no noticeable differences among 
them, despite the fact that one might have expected a higher proportion of 
people in the younger age-group to prefer this rather sweet product. 

The results were not as favourable as the earlier student survey 


previously mentioned (Jelen andBuchheim, 1976), where 55% and 75% of the 
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Table 7 


Proportions of Opinions of Whey Cheese and Spread 


% of Opinions 


like Like like dislike dislike dislike 
very much moderately slightly slightly moderately very much 


Whey Cheese 655 L-9 1 pe 14.6 g Walises 554 
Spread To 13.9 19.0 14.8 PZe8 Bey) 
Table 8 


Percent Opinions of Whey Cheese and Spread by Age-Groups 


(i) Whey Cheese 
% of opinions 


Age Group like like like dislike dislike dislike 
very much moderately slightly slightly moderately very much 


We cOuL6 655 1200 17.6 Ja 19.4 2502 
17-25 Shag: 13.5 1Gno Mey! sy CMe! 
26-40 Te a 20.8 135136 Z0% 0 J owed 
41-60 6.7 AE os Zon0 14.6 Ue Ay 50a 2 
over 60 Ui al! Ngee: 14.6 bra, 4.9 24.4 


(ii) Spread % of opinions 
Age Group like like like dislike dislike dislike 
very much moderately slightly slightly moderately very much 


up to 16 Jha) Pee 14.8 14.8 19.4 SSS: 
17-25 Se! 14.3 20.4 1633 O72 34.7 
26-40 4.8 Wes, 23.4 Loos Boe Zoo 
41-60 5.6 LS ay 25.6 14.6 12.4 Zook 
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panelists respectively, rated the solid Shaheprend in one of,the three 
"like" categories and the products were "'disliked very much" by less than 
10% of the panelists. This probably is because students are more adventurous 
in their eating habits than the general publicy especially in a Food Science class. 
Willingness to buy the Products (Question 3) - 34.1 % and 40.7% of 
respondents (households) respectively said that they would be willing to buy 
these products (See Table 9). Most of these would buy occasionally, only a 
very few reported they would buy the products very often, which is what one 
would expect of this 'specialty item'. Thisquestion was used to gain further 
confirmation of the acceptability of the products, particularly as it was 
most likely answered by the person in the household who made most decisions 


about purchases to be made. 


Table 9 


Percent of Respondents [Indicating Willingness to Buy Whey Cheese & Spread 


Suggested 
Frequency of Purchase % of households 
Whey Cheese Spread 
Often 540 Dead, 
Sometimes S055 38 .U 


Never 65.9 5052 
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3. Factors Influencing the Acceptance of Whey Cheese and Spread 
Previous Exposure to Whey Cheese (Question 5) - Those who had tried 


these or similar products before showed a greater liking for both the solid 
and the spread than those who had nottried them before (Table 10i) i.e. 72.4% 
compared to 30.5% for the solid and 69.5% compared to 35.2% for the spread. 
This was in line with other experiences during this study - whereas people 
at first did not like the products particularly, they did begin to develop 
a liking for them after repeated tasting of the products. 

Scandinavian ethnic background (Question 6) - Those of Scandinavian 
ethnic background also indicated a greater liking for the products than the 
non-Scandinavian respondents e.g. 61.9% compared to 32.4% respectively for the 
spread (See Table 10:11). Of course, these two groups overlap a great deal 
i.e. those of Scandinavian background constitute the larger proportion of 
those who had tried the products before (i.e. 57.1% compared with only 9.1% 
of non-Scandinavians). 

Preference 10r oolidvor Spreadables Product (Question 4) — Statistical 
analysis (by the chi-square test) of the proportion of respondents preferring 
the whey cheese over the spread, showed a significant preference for the spread 
(Table 11) which confirmed the findings of the earlier student survey of Jélen 


and Buchheim, (1976). 
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Table 10 


Factors Influencing Acceptance of Whey Cheese and Spread 


&: PreviLOuseExpOSUre. LOmtncehroduct: = 


% indicating liking for * % expressing willingness** 
sample to buy 
Whey Cheese Spread Whey Cheese Spread 
Previously 
eaten 7264 69.5 64.1 66.7 
Not previously 
eaten 50.5 36.2 27.4 55.5 


(11) Scandinavian Ethnic Background - 


% % expressing ** 


SS andEcatcang Jikime Lone 


sample willingness to buy 

Whey Cheese Spread Whey Cheese Spread 

Scandinavian 6139 5560 Sire 47.6 
Non-Scandinavian 5264 38.4 Sat 40.1 


* total of the three "like categories. 
** total of the 2 categories ('often' and 'sometimes'). 
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Table 11 


Percent of Respondents Expressing Preference for Whey Cheese or Spread 


Age Brerer Prefer No 
Group Whey Cheese Spread Preference 
A B G 
Up to 16 S29 Alot 1 70.4 
17-25 13 <5 18240% 68.4 
26-40 18.5 25.45" Sei ay | 
41-60 TOL Sear 74.2 
Over 60 Te UNS Daley Tse 
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4. Manner in Which the Samples were Eaten 
(a) Time of Day the Samples were Eaten (Question 1) - Both the 


solid and the spread were most frequently eaten as a snack (60.2% and 
62.8%, respectively) - See Table 12. They were also eaten quite frequently 
at lunch but the spread was eaten somewhat more often at breakfast. This 
might be expected because spreads are probably a more common breakfast item 


than a cheese. 


Table-12 


Time of Day that Whey Cheese and Spread Samples were Eaten 


Q 


% of households 


Time of the day Solid_ Spread 
Breakfast OF 15S 
Lunch 25.0 Lied 
Supper Les 6.0 
Snack 60.2 O2nS 


(b) How the Samples were Eaten - (Question 2) -Samples were eaten 


mostly on crackers (54%) and on bread (approximately 24%)- (See Table 13). 
The spread was more frequently eaten on toast than the solid, which likely 
is related to its being more frequently eaten at breakfast. Very few people 
tried the solid and spread with other foods or in other ways than those 
suggested. 

The overall tendency, then, was for the products to be eaten as a 


snack on crackers or the spread as a breakfast spread. 
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Tabieials 


How Whey Cheese and Spread Samples Were Eaten 


0 


% Of households 


Manner of eating Solid Spread 
On bread 2258 24.1 
On toast bate Leal 
On crackers 53.4 540 
Other 122 4.5 


5. Comments from Respondents (See Table 14) 


There were numerous comments that the products were too sweet, 
especially by those who considered them to be a type of cheese. Although 
it was hoped that this comparison could be avoided, it obviously was fre- 
quently made. In addition, many people commented on the blandness of 
flavour, and also on a strong aftertaste or saltiness. 

In regard to texture, there were several comments on grittiness, 
chalkiness, mealiness (these were probably related to the detection of lac- 
tose crystals) and stickiness. 

Many people found the tan colour to be distasteful. 

Quite a number of people likened the product to peanut butter mainly 
because of its colour and consistency. Others felt that the product was 
Similar to candy and that ''children would probably like it". 

Some of the respondents felt that the flavour lost its appeal on 
repeated sampling, but others said that although the product was rather pec- 
Ulta atutirst try they could acaiure a taste for 1t.) This shas' been: the 


experience of quite a number of others associated with the project who have 
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Table 14 


Selected Comments from Whey Cheese and Spread Survey. 


Too sweet. 

Not bad. Flavour takes time to get used to. 

Too salty and fudge-like. Not creamy enough. 

Strange combination of flavours. 

Sweet and salty. Not too appealing 

Would like more definite flavour - you know you're eating something, but 

arenutrqui ter sure iwhatt 

Didn't like the looks mainly. 

Found both rather tasteless. 

Spread tastes better in mouth than down throat. 

Bland and gritty. 

Pleasant taste in small amounts, but larger amount were sickening. 

We thought the spread had a less chalky texture and was in this respect 
more appetising than the solid product. Both are too sweet and bland 
for out tastes - it looks like a cheese and one expects a stronger more 
tangy flavour. The aftertaste of milk is pleasant. The color isn't 
particularly attractive - the brown tint makes it look odd. Sorry to 
be so negative, but we think you'd have to be a starving Scandinavian 
existing on raw herring to appreciate this food. 


Superb. 
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tried the product. 
6. Effectiveness of the Questionnaire - 

In trying to avoid the connotation of the samples as cheese products, 
the product identification and eating instructions were purposely formulated 
rather vaguely. This turned out to be a disadvantage e.g. although it was 
suggested that the cheese be thinly sliced, there was no control over the 
amount consumed or whether it was eaten with bread or crackers, or by itself- 
factors which could have had quite an effect on acceptability. Indeed, the 
open-endedness of the questionnaire was not as successful as hoped in finding 
out what category of foods people associated the products with (in effect the 
"consumer concept' of the products), or in obtaining information on other uses 
for them. 

Unfortunately too, the question on ethnic background was asked per 
household instead of per individual respondent, and thus even where one mem- 
ber of the household was reported as Scandinavian, the others were inferred 
to be Scandinavian, and consequently the proportion of Scandinavians is 
higher in this survey than it is overall in Edmonton (11.4% in the sample, 
compared to 4.8% in Edmonton city,according to 1971 census figures). 

7. Supplementary Housewife Taste Panel - 

There was no attempt in the questionnaire at determining the relative 
importance of flavour, colour and texture in influencing the overall accepta- 
bility of the products. A subsequent taste panel study was carried out with 
10 housewives, to find out which of these factors might be most important 
in influencing the score for overall judgment for the products. 

The taste panel study was carried out informally - two groups of five 
housewives were interviewed in private homes. The same samples as had been 


used in the consumer survey were presented to the housewives on crackers. 
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The housewives were asked to rate the products for appearance, 
flavour, texture and overall opinion using a 9-point hedonic scale (See 
Appendix 2). Statistical analysis for regression showed that flavour and 
texture were significantly correlated with the overall opinion for the whey 
cheese, whilst only flavour was significantly correlated for the spread 
(See Table 15). These results seem to indicate that flavour is the most 


important determining factor for acceptability. 


Table 15 


Results of Supplementary Housewife Taste Panel 


(i) Average Score for Appearance, Flavour Texture and Overall Opinion 


Average Score * 


Appearance Flavour Texture Overall 
Whey Cheese Sr 6.7 G21 6.9 
Whey Spread 7.0 6.9 Tis 166 


* 9-point hedonic scale. 9-especially well liked 
l-especially disliked. 


(ii) Relationship of Score for Appearance, Flavour and Texture to Overall 


Score 
Correlation Coefficient 
Appearance Flavour Texture 
vs overall vs overall vs overall 
Whey Cheese .48 he Vie Mat A 
Whey Spread AS) Oia 42 


* significant (p £0.05) correlation 
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D. CONCLUSIONS: 

The results of the survey showed that the. whey cheese and spread 
were fairly acceptable. The percentage of respondents who liked the products 
to some degree was 35.7% and 40.3% easier This was further confirmed 
by the fact that 34.1% and 40.7% of households would be willing to buy the 
products. 

The spread was preferred over the solid product, possibly because 
it was milder in flavour and easier to use. 

Previous exposure to the products and Scandinavian ethnic background 
were related to a higher degree of acceptance of the products. This tied in 
with other experiences during the study where many people did develop a liking 
for the products on repeated tasting of them. The solid cheese was generally 
eaten as a snack on crackers or bread, and the spread was eaten on toast for 
breakfast. 

The products in their present form could be sold as a snack or dessert 
cheese. This would require a strong marketing effort since these products 
are unfamiliar to most consumers. However, the relatively high percentage 
of people rating the products in the dislike categories, suggested that fur- 
ther modification is necessary to increase the acceptability of the products 
to a greater number of consumers. 

Since the spread was found to be preferable, one such modified pro- 
duct could be a spread to which additional appropriate flavourings could be 
added. The more definite flavouring should also help to dilute or mask the 
salty flavour and aftertaste (which would be costly to reduce by other methods 
e.g. demineralization by electrodialysis or ion exchange). 


A change in colour might also increase acceptability e.g. a lighter 
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colour which could be achieyed by reducing the amount of browning which 
occurs, 

The results of the suryyey were sufficiently encouraging for 
further work on product deyelopment of a spread product to be carried 
out, based on the findings from the survey. 

A note of caution is added here that these results may not be 
- directly applicable to Canada as a whole because the population of 
Edmonton likely has proportionately more people with a variety of ethnic 
originsitivant thetrest? orithe eounteyn buCtiteisstel ts. that Lest ime serves 


as a reasonable guide to the acceptability of these products in Canada. 
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CHAPTER V 


PRODUCT DEVELOPMENT 


A. INTRODUCTION 

Consideration of the findings of the consumer survey led to the idea 
of the development of a spread from cottage cheese whey. 

The first stage of the work was to establish an optimum range for 
composition in terms of % solids, % fat, and pH, to give a generally pal- 
atable product with bland flavour and good spreadibility. This.was 
initially based on personal judgment, but was to be confirmed by the use of 
taste panel evaluations. 

The effect of variations in the composition on the achievement of a 
good, smooth texture with no detectable lactose crystals in the spread, 
was observed through the use of a semi-trained taste panel, attempting to 
correlate this with the average size of lactose crystals in the product. 

In addition, the effect of enzymatic hydrolysis in the whey in re- 
ducing the likelihood of sandiness in the products was investigated, and. 
also its effect in sweetening the product. 

Once a prototype product was formulated, several flavours were 
tried Corgive acceptable finaleproducts, and these were subjected to a 


small-scale consumer panel evaluation to gain an idea of their acceptability. 


B. MATERIALS AND METHODS 


1. Source of materials 


Condensed cottage cheese whey - Cottage cheese whey was obtained from 


Lucerne Dairy, Edmonton. It was condensed in a single-stage vacuum evaporator 


(supplied by Arthur Harris § Co., Chicago, Illinois, 1959), at a temperature 


= 


ar - di | ae > 


sehi ui2. 09 bed rads, dame: od? 20 agttbalt oigto. 

en la ees sO tere oun ; 

+o) ogake eue?oga cm akinesia @P an ray Sl Se | . 

~fam, qi fereneg 2 srtgad iy th tii vabtioa #39 sri id 

_enie phat” ‘3 taiengi on bes oscil bastd ar pegpeutiorg: std 

to ie et? ut homeboy ates aa 14 70 saber sion “eo iphiedes setae 

a! | taokpenilttyie Hong ereat : 

Mo tipeeretign otf, mo AmirireTyaD Mae nd sno btn bray to ToMRRpied? a 
bees qa ait nk etateidae wratatl, dsiperted on Uhl vraiat iron bom 

OP gatsqundrn tac stun? tants bane « 20 ont atte ngur wi? bvypriaic | ca a 

,Aswhoty oy wb aiazuves oraraal ei este ognioye out Avin ahs vente i 

wt Rb ede ode aE shorted oitaecnne 6, abekbe Ween ae 

iain shrine peemesre, ta, _ tooboon ak eaeslnan, Se aM ade Bg : 

| : paubory of? galnateewm Wh gosto asl ozte- 

ree seat lax9ver arclameelt nue suhag egingony & s9i0 “ohh ae 

a) berets 7108 ceah> som xtobenn Lami silences igs | 

AE idesqeoos thedls Fe — Fs sha ee . : 


a 
1 Se r a 7 ‘ 
i . | we . : 7 | 
. te - ; = ‘ a 7 A 
oh " 


or. 


of less than 130°F and a vacuum of approximately 24" Hg, to a 45-55% solids 
concentrate. The concentrate was stored at 4°C and used as the basic raw 
material as needed. 

Lactose-hydrolysed whey - Cottage cheese whey was neutralized to pH 6.0 
with 10M KOH, then Maxilact TG lactase enzyme was added at the rate of 1.76g/70 
lb and the mixture was gently agitated at 5°C for 5 days. There was about 15- 
20% conversion of the lactose to glucose and galactose. 

2. Sample Preparation 

The spread was made on a batch scale - a 200g sample was the maximum 
amount of product which could be prepared by the method used. The basic method 
used was to take sufficient of the condensed cottage cheese whey to giye the 
desired final solids content in the prodHet neutralise it to the required pH with 
10M NaOH, add butteroil to give the correct fat content, and then evaporate 
the mixture in a 600 ml beaker on a hotplate with magnetic stirrer at maximum 


9) 


heat and speed. Evaporation was continued to a % total solids (TS) reading on 
an Abbe tefractometer which was determined empirically to be a reading approxi- 
mately 10%TS lower than the desired final total %TS. 


The final %TS was found to vary depending on the fat content (See 


Table 16.) 
Table 16 
EreectvoL rat Gontentsom Final) oiSsin spread’ 
Formulation Condensed %TS %TS 


——_—————. Cottage Cheese Butteroil Water by refractometer final 
% solids % fat SS le TS) 
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Those products with a higher fat content appeared to have a higher rate 
of evaporation while cooling, and consequently did not haye to be eyap- 
orated to as high a level of %TS as those of lower fat aapresae 

After reaching the desired total solids content the sample was 
stirred during cooling in the Hobart mixer (Kitchen~Aid Model K5<A), with 
the whipper attachment at speed 5 for iin) aS 
3. Analytical Procedures 

Due to the yariability which occurs in the manufacturing of the 
spreads, determination of sample composition was necessary (usually only 


is} 


% solids and % fat were determined). The following tests were used. 


Total solids - spread samples were dried in the vacuum oven at 80°C for 
20° nours. 
Fat content - spread samples were analysed using a Mojonnier method for 


the determination of fat content in whey cheese as specified by the 

International Dairy Federation (1970). 

Protein content - spread samples were analysed using the microkjedahl 

procedure as outlined by the Association of Official Agricultural Chemists (1975). 
Ash content - spread samples were ashed to constant weght in a muffle 

furnace at 530°C. 

Hydrolysis efficiency was ascertained by measuring the lactose 
content of the original whey(anthrone method of Fagen et al, 1954) and 
glucose content in the hydrolysed whey (glucose oxidase test Kit, Glucose 
Reagent Set Code G Cat #7451, supplied by Worthington Biochemical Corp., 
Freehold N.J.) 

4, Taste Panel Eyaluations 
Inyestigation of the Deve lopment. of Sandiness inthe Spreads 
The following spread formulations were prepared so that the effect 
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of a wide range of composition in terms of % solids, % fat and pH, on the 
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development of sandiness could be examined. 


% solids % fat pH 
65 5 5 
65 5 6 
65 10 5 
65 10 6 
70 5 3) 
70 = 6 
70 10 5) 
70 10 6 


A semi-trained taste panel of 8 people from the Food Science Depart- 
ment WaS asked to rate the samples according to the degree of graininess 
present in each i.e. as either smooth (no graininess), slightly grainy, 
moderately grainy or very grainy (See Appendix 3). 

Taste panels evaluations were held the day after preparation of the 
samples; and thereafter at weekly intervals over a 3 or 4 week period. 
Preterence: foniselected Spread Formulations 

Spreads selected from the previous investigation on sandiness to 
give a wide range of % solids, % fat and pH, were evaluated once only for 
preference, by the taste panel from the sandiness study. The panel was asked 
to rate the samples for preference using a 7-point hedonic scale (see Appendix 4). 
Acceptability of Flavoured Prototype Products 

To obtain some idea of consumer acceptance of the final product, two 
flavoured prototype products - an onion-flavoured spread served on a plain 
unsalted cracker, and a sweetened maple-flavoured spread served on toast- 
were evaluated by members of the public who visited the Food Science Display 
during Varsity Guest Weekend at the University of Alberta on March 11th, 1978. 
Participants were asked to rate the two prototype products according to a 9- 


point hedonic scale (See Appendix 4). 
5. Microscopic Observation 


As further confirmation of the development of sandiness in the spreads, 
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the size of the lactose crystals was measured. Samples of the spread were 
spread thinly on glass slides and photographed through an Olympus phase-con- 
trast light microscope with 400 ASA film at 10x magnification. By comparison 
with a 2mm scale photographed at the same magnification, measurement of crystal 
size could be made. The size of the longest crystal side of 20 crystals 


in 5 fields was measured. 


C. RESULTS AND DISCUSSION 
1. Basic Spread Composition 

In initial preliminary trials with various formulation containing 
60-70 %TS, 5, 10, and 20% fat and pH 5.0, 5.5 and 6.0, the best composition 


in terms of spreadability, mouthfeel and flavour appeared to be- 


solids 65-70% 
fat 10-20% 
pH 5.9-6.0 


Products with a solids content lower than 65% solids, tended to be 
quite grainy, while those with more than 70% solids were too firm and did 
not spread easily. Inregard to fat content those samples with 10-20% fat 
had a pleasant, creamier flavour and smoother texture than the samples con- 
taining 5% fat. 

Samples with pH 5.0 were unpleasantly acidic and sour in flavour. 

These products differed from the traditional whey cheese spreads in 

being creamy colour (not tan), and having quite a bland flavour, since very 
little caramelisationoccurred. The texturewas softer and more spreadable than 
the traditional whey spreads also. 
2. Factors affecting the Development of Sandiness in the Spreads 

One of the major quality considerations in a spread is smoothness of 


texture. It was noted that some the samples, particularly those of low pH, 
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develaped considerable graininess, with crystals being detectable in the 
body of the samples and visible on the surface of the products. The pH 
range examined by Steinsholt, (1972), was 6.0-6.6, however there appeared 
to be no further information in the literature on the effect of a pH around 
5.0, on the development of graininess in this type of product. 

An investigation of the effects of %TS, % fat, and pH on the development 
of sandiness or graininess in the spreads was carried out. Two sets of samples 
were prepared (See Table 17). The difficulty in obtaining the exact desired 
total solids content is evident in the first setofsamples. A second set 


was prepared, so that a correct range of formulations could be evaluated. 


Table 17 


Composition of Samples Used in the Investigation 
of Sandiness in Spreads 


Formulation pH Final Final 
Desired Desired of condensed % solids % fat 
% solids % fat cottage cheese Set l. Set 2 Set: I (Set. 2. 
65 5 5 66.0 64.3 Sel So] 
65 5 6 GANS) OOS 4.9 Bi 
65 20 5 U1 Zin nO Cfo 222 20.3 
65 20 6 69.7 66.9 2055 20. 5 
70 . 53 OO 671.0 So 50 
70 5 6 68.0 66.6 4.6 Sl 
70 20 5 1425 6725 20.8 19% 2 
70 20 6 P20 66.8 Z0 a. 18.4 


The results of the taste panel evaluations over the 4 week period 
(Fig. 5) show that low pH seems to promote the development of undesirably 
large lactose crystals in the products,particularly when the fat content is 
low. High fat content seems to be less important than high pH but appears 


to have some protective effect in preventing sandiness (this may partly be 
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a concentration effect i.e. the higher the fat content the lower the lactose 
content in the product). However, it was difficult to find any effect of 
increasing solids content, since the final solids content varied so much. 

Both the 65% solids, 20% fat and 70% solids, 20% fat formulations in 
the first set were quite sandy, but in the second set they were both smooth in 
texture. The outcome seems to be quite unpredictable, and hard to explain in 
some cases considering that both sets were prepared using identical procedures. 

In the case of the 70% solids, 20% fat, pH 5.0 sample from set 1, 
which was rated as grainy,the product may have beenmistaken as being grainy 
because of its particularly high solids content which was very hard on the 
palate. 

Two types of graininess were evident. With the 65% solids, 20% fat 
samples: from set 1, which developed graininess, there was a distinct sandiness 
throughout, whereas with the low pH samples, which were found to be grainy, large 
crystals were detectable. Microscopic examination of the samples showed 
that in the 65% solids, 20% fat samples (See Fig. 6) which are very grainy, 
there are numerous crystals larger than on throughout, which according to 
Frennborn (1959), are sufficient for a spread-type product to be considered 
sandy. In the case of low pH samples however, crystals of this size are not 
evident (See Fig.7), and it is suspected that agglomerates of crystals may 
be formed which were broken up on spreading the samples on the glass slide 

for examination. A sample of a spread which was considered to be smooth by 
the taste panel, is shown for comparison (See Fig 8). 

There did not appear to be any correlation between measurements of 
the average size of the longest lactose crystal edge and the development of 
sandiness in the spreads. 


Generally speaking, the development of large lactose crystals seemed to be 
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Fig. 7 Whey Spread Sample Rated by Taste Panel as Having Occasional 
Large Grains... Set 2,.. 70%. solids, 5% fat, pH 6,0). After 2 weeks. 


Fig. 8 Whey. Spread Sample Rated by Taste Panel as Having a Smooth Texture. 
Set 297 O02'solids (207meat , pHi5, 0. ‘After 2 weeks, 
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avoided by higher pH and fat content in the spreads. 

Spread from Lactose~ hydrolysed Whey - Preliminary work has shown 
that a product of 70% solids, 20% fat formulation prepared from a 45% solids 
concentrate of lactose-hydrolysed whey (15-20% conversion), had a much 
softer texture, a translucent darker tan appearance (closer to the appearance 
of the traditional whey spreads) and interesting caramel flavour, though 
detectable lactose crystals were still present. Presumably the degree of 
hydrolysis was insufficient to prevent lactose cyrstallisation because Bouvy 
(1974), maintains that only 20-30% of lactose needs to be hydrolysed in con- 
densed whey syrup to prevent crystallisation of lactose. 

3. Acceptance Panel on Selected Samples 

In order to determine the acceptability of the samples, a preference 
panel was conducted on selected samples from the previous study on sandiness. 
The samples, all of which had a smooth texture, were chosen to give a re- 
presentative range of composition in terms of % solids, % fat and pH. 

The results (See Table 18) indicated that the samples with the 
higher pH i.e. 6.0, were significantly preferred for spreadability and 
flavour. From the comments it was clear that those with higher fat content 
(i.e. 20%) were preferred, though this was not statistically significant. 

These trends were in line with the findings in the study on sandi- 
ness in the spreads, in which the samples with higher pH and fat content 
were unlikely to show problems with an unacceptable degree of lactose cry- 
stallisation. 

The use of cottage cheese whey, if it is first neutralised, seems 
to give a reasonable spread product. The results are similar to those 


found by Steinsholt-et al (1965), and Steinsholt (1972) in their investi- 
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Table 18 


Acceptance of Selected Spread Formulations 


Formulation Final Average Taste Panel 
% of solids Score * 
Chico Li dss tromtatie pH 


65 > 6 63.8 a 
65 20 5 685 G2 0le as 
65 20 6 66.9 aso 
70 5 6 66.6 SAT 
70 20 5 G75 Ge Zaaras 
70 20 6 68.8 2e9 


* 7-point hedonic scale  1-excellent > 7-poor 
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gation into the quality of mysost, in that increasing fat content and pH 
result in a more pleasant tasting product. The effect of increasing % nit- 
rogen, by the addition of increasing amounts of cream/milk in the formulation 
on improving the flavour of the product was not studied, but may also be 
advantageous in this spread product. 

4. Acceptability of Flavoured Prototype Products 

From the preference panel it was decided that the prototype for- 
mulation would be 70% solids and 20% fat. 

Two flavoured prototype products were made as shown in Table 19 
(See Fig. 9). 

Onion-Flavoured Spread - envisaged as a savoury spread for crackers, some- 
what like a spreadable savoury cheese or dip. It was flavoured with onion 
as this is a popular dip flavour. 

Maple-Flavoured Spread - a sweetened product which was considered to be a 
breakfast spread for toast - 'whey honey' so to speak. 

The samples were evaluated by 43members of the public who visited 
the Food Science Display during Varsity Guest Weekend, March 11th, 1978. 
Both products appeared to be quite acceptable (See Table 20)-the onion 
spread somewhat more so, largely on account of its flavour. 

There was a problem of sandiness in the final products despite using 
the best processing method determined, as several people commented on grit- 
tiness. 

Also many of the tasters felt that the spreadability could be 
improved. There was a certain crumbliness of texture evident in the samples, 
though the panelists from the previous preference panel had not commented 
on it. It may be speculated that the crumbliness in texture is due to the 


high proportion of whey solids present (which might be improved by increasing 
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Figs 9 


Flavoured Protoype Products and Spread from 
Lactose-Hydrolysed Whey. 


A  Onion-flavoured Spread 
B Sweetened Maple-flavoured Spread 
C Spread from Lactose-Hydrolysed Whey. 
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Table 20 


Acceptability of Flavoured Prototype Products 


Product Average Score * 
Appearance Flavour Texture Overall 


Onion-Flavoured Spread 6.8 19 Ono fats) 


Maple-Flavoured Spread 68 655 OWS 6.6 


* Average of 26 evaluations for each product, rated on a 9-point hedonic 
Scale 9 especially well-liked +» - 1 especially disliked 
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the protein content of the spread) or to denaturation and loss of 
water-binding capacity of the proteins at the neutralised pH 6.0 or 
even crystallising of the butteroil (in which case it would be better 
to use cream). 

The uneven appearance of the samples giving the impression 
of bubbles on the surface of the spread, was not liked by the tasters. 
This may have been due to the use of the whipping attachment rather than 
the flat blade of the Hobart mixer during the mixing/cooling stage. 

5. Conclusions 

It was found that a reasonably satisfactory spread product could 
be produced from cottage cheese whey, providing it was first neutralised 
to pH 6.0. Using the batch method of production eStablished, the optimum 
composition of the spread appeared to be 65-70% solids, 20% fat, and pH 6.0, 
in terms of good spreadability , mouthfeel, and flavour, as well as being 
able to avoid sandiness in the product. The product had a cream colour 
and a bland, creamy flavour. 

Two flavoured prototype products which were evaluated had good 
acceptability. An onion-flavoured spread (70% solids, 20% fat) may be 
suitable as a snack product to be spread on crackers. A sweeter spread 
made with the addition of sucrose or from hydrolysed whey also appears to 
be acceptable as a breakfast spread, though perhaps with a different 
kind of flavour e.g. caramel. 

Since lactose crystallisation still appears to present some 
problem in these products, it should be further studied in any scale- 
up experiments which may be carried out. Based on the work of Hunziker 


(1949), it is thought necessary to hold the product in the area of maximum 
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crystallisation (as determined by % lactose-in-water in the product) for 
a suitable length of time to encourage the development of many small 
lactose crystals, so that most of the lactose is crystallized and it is 
not so likely that these will be able to later grow, and give rise to 
objectionable sandiness in the product (Frennborn, 1959). Due to tech- 
nical difficulties, the rate of cooling in these small batches was not 
studied, but is thought to be the most important factor in the deve- 
lopment of lactose crystals in the product. It is possible that the use 
of emulsifiers or vegetable gums may be useful in helping to prevent 
lactose crystallisation (the latter is used in the ice-cream industry 

to prevent sandiness). The product made from lactose-hydrolysed whey 
was not satisfactory in that it was very grainy, too. Further studies 
on the hydrolysis of whey are needed to ensure that graininess in this 


type of product is avoided too. 
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CHAPTER 6 


CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK 


Results from a consumer survey showed limited acceptability 
for a commercial Swedish whey cheese and spread. These products may be 
possibilities for marketing in Canada, but would require a vigorous 
marketing effort to bring them to the awareness of most people. However, 
the response from the survey was promising enough for further product 
development work to be carried out in producing a modified spread product. 

In the product development work, samples of spread were prepared 
by evaporating neutralised cottage cheese whey and butteroil. The effect 
of a range of solids contents (65-70%), fat contents (5-20%) and pH 
values (5.0-6.0) in the product were examined. Products with the higher 
pH (6.0) had a much more acceptable flavour, and usually a smooth texture. 
Those with pH 5.0 were unpleasantly acid in flavour and low. 
pH (5.0) was generally related to sandiness in the samples. Higher fat 
content (20%) and to a lesser extent higher solids content (70%) appeared 
to lessen the likelihood of the development of sandiness in the products, 
and also resulted in a better spreadable consistency and creamier flavour. 

The prototype formulation decided on was 70% solids, 20% fat and 
pH 6.0. This product had a cream colour and fairly bland creamy flavour, 
since very little of the caramelisation which is typical of the traditional 
whey cheese and spreads occurred in the process used: 

Two flavoured prototype products (i) an onion-flavoured spread 
and (ii) a sweetened maple-flavoured spread had good acceptability. A 
spread product prepared from lactose-hydrolysed whey had an interesting 


soft texture and caramel flavour, but still showed problems with sandiness. 
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Suggestions for further work 

1. Improye and/or scale-up the method in order to produce samples 
under conditions closer to those which would be encountered on an 
industrial scale so that problems such as that of sandiness in the 
product could be monitored more easily, particularly in respect to 
controlled cooling conditions which seem to be of critical importance. 
2. Addition of gums ( and possibly emulsifiers) to help prevent 
sandiness in the product. 

3. Increase the protein content, through the addition of milk/cream, 
skim milk powder or whey protein concentrates, in order to improve 
chesuexeure and flavour, of the erodeeese 

4 investigation of the errect of demineralisation and ultrafiltration 
in reducing the effect of the high ash content of cottage cheese whey 
(compared to cottage cheese whey) and that added in the neutralisation 
step, on flavour. 

5. Further investigation of the lactose hydrolysis to produce sweetened 
spreads - optimise the level of hydrolysis necessary to produce a smooth 
tex curer 

6. Experimentation with other flavours in the spreads e. g. caramel. 


7. Preliminary costing studies could be carried out. 


Generally, the prototype products did show promise and as long as 


future research is able to prvide solutions to the sandiness problem in 


texture, they could be a useful means of utilising whey in Alberta. A good 


deal of marketing effort would still be required, but it is proposed that 
they would be more acceptable to Canadian consumers than the traditional 


whey cheese products. 
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Appendix 1. Form used in New Dairy Product Survey 


Food Science Department 
University of Alberta. 


NEW DAIRY PRODUCT SURVEY 


As part of a research project in the Food Science Department 
at the University of Alberta, we are trying to determine the acceptability 
of these two dairy products you have been given - a type of dairy product 
(commercially produced) and a spread made from it, which is very popular 
in Norway. 

The solid product (which is very thinly sliced) and the spread, 
are usually eaten on rye bread, crispbreads or crackers. 

Could you please try the samples in any way they may appeal to 
you, and then answer the following: questions about them. 

Please return the questionnaires in the stamped addressed envelope 
preferably no later than October 25th. 


1. When did you eat the samples you have been given? 


Solid Spread 
Breakfast TF ie 
Lunch 0 ‘a 
Supper TJ el 
Snack O oO 
2. How did you eat the samples: Solid Spread 
(a) Alone on regular white/brown bread (J | 
on toast J im 
on crispbread/crackers CJ 7 
other 
Solid Spread 
(b) With other foods on bread ia C7] 
toast C} C] 
crackers CI fe] 


What did you combine them with? 


(c) In other ways - e.g. cooking or baking: 
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3. Would you buy either of these products if they were available at 
a reasonable price? 


Solid Spread 
Often EC] gO 
Sometimes (ss) CO 
Never Cj 7 


4, What is you opinion of these products? 
(Fill in an answer for each member of the household. Mark the opinion 
which applies in the space provided). 


Opinion 


A. Like very much 
B. Like moderately 
Gogelikesslightly 
D. Dislike slightly 
E. Dislike moderately 
F, Dislike very much 
Member of Opinion 
Household Age* Solid Spread Comments 
Example: 16 C D 
(from above list) e.g. about flavour or texture 
1 (ee ee es 
2 —————e oo ooo 
3 LEnenEEEEEEEnET SO cn 
fs — os ———— 
) ees eee —— 
6 a a —_—----- 
7 — ee os 
8 re os —— 
9 St aEEeeE ee oo 
10 


*Optional, but we are interested in whether particular age groups like 
these samples. 


5. Have you ever eaten this type of dairy product before: Yes (1 No] 
If yes, (a) Where did you try it? 
(b) How often did you eat it? 
. . 9 
6. What is your ethnic background? Scandanavian [J Gthen el 


For further information about the survey contact: D. McIntyre: 432-4590 
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Appendix 2. Supplementary Housewife Taste Panel Form 
ACCEPTABILITY TESTING 


This test isbeing conducted to learn how much you like or dislike 
each sample offered. 


Please use the following 9 point scale to indicate your opinion 
of the appearance, flavour, texture, and overall quality of each sample: 


especially well liked 
liked very well 

liked moderately 

like slightly 

neither liked nor disliked 
disliked slightly 

disliked moderately 
disliked very much 
especially disliked 
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Please also add comments in the space provided to indicate 
characteristics you particulary liked or disliked in each sample. 


SAMPLE NO. 
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Appendix 3. Taste Panel Form Used in Graininess Study 


DAIRY SPREAD TEXTURE PANEL 
Name Date 


This project involves the development of a dairy spread. One of the main 
requirements in this work is the achievement of a smooth, spreadable 
texture. 


At present, I am investigating the’ influence of several factors on the 
development of graininess in the spread. 


Please taste the samples provided and rate them according to the degree of 
graininess present in each. Write any additional comments in the space 
provided. 


Sample No. 


Smooth (no graininess) (ei eee 
= il 
Moderately Grainy Brit 
Very Grainy Ht te 


COMMENTS; 


Thank you. 


Fo an!) die at * rere . é 
smn. sonatas 


gd ao zrptsat pana i, meng 


ta etrysh 2M ef snimeosae made aval, 
boaqe alt ai einsetana Iatek2 ibe oe 


fee 


Appendix 4. Taste Panel Form Used in Preference Panel 


on Selected Samples and Flavoured Prototype Products 


DAIRY SPREAD TASTE PANEL 
Name Date 
Please taste these samples of dairy spread and mark your overall opinion 


of each of the samples. 


Please also add comments in the spaces provided to indicate characteristics 
you particularly liked or disliked in each sample. 


Sample No. 


Like very much 


Like moderately 


Like slightly 


Neither like nor dislike 


Dislike slightly 


Dislike moderately 


Dislike very much 


Comments: 
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